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Abstract of JP2001007822 

PROBLEM TO BE SOLVED: To provide a 
pipeline scheduler that offers ease of mounting 
and control and that can make impartial 
scheduling among incoming lines of a crossbar 
high-speed switch fabric. SOLUTION: The round 
robin system where a time base is assembled 
into frames and a priority matrix is used to 
reserve a future time slot can obtain a regular 
circulation sequence of time slots independently 
of whether the number of schedule modules is an 
even number or an odd number. Furthermore, 
the carry-over round robin pipeline scheduler 
(CORPS) realizes the scalability over many ports. 
Moreover, the CORPS schedules packets of 
future slots to decide on schedule by each line 
and by each slot. Since the selection of a 
scheduled queue is optional, this method is 
suitable to support service quality of traffic. The 
CORPS impartially resolves contention among 
output ports. 
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[R#Jii ] *v h^-^lcfcit^^-^co^n-S 
»!»■*- 4 X*f v?\zj$i*T. 
16&<OA*7K-h<t. 

TOE&facoai**- h^d^comsai^TK- h^-r— * 
y. 

McTv'*XL£3£^£»*CD$-i'AXP-/ h£ftlT 
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TOE«*<D£-<Axp-/ h^ffirl2^ftc0X>ri;zL-;u^ 
is3.—Mz&^Tfflz^m2tixi*Z>frt:oti\ toe*? 

ES^O^ AXP-;/ h*<1ft<7)X^vzL— ;U^E^i— ;U 
l^<*:orffi{t)^^rt^^3!)^<i: 3AMcS^^r. TOE»3fc(7) 

^•a^ii^irii. TOE#*0)$-<Axp<;/ KSftU. «r 
!2X>ri;iL-'J -v*— 5/lcTOE»*<0*-f AXP 

[R*A2] TOEX^zL-^li. TOE»*0)*-f A 
L^-rtl^t?fc**lctt, TOE»*<D*-f AXP*;/ h£Br 

R#« 1 EK(Z>^-$ 7 P-SiJt»X*f 7f. 
[R*fi 3 ] TOE«»<Dtti KD**i-mic» L 

x%\* <o* zfommx* <vo 

Q) SfflL^T, TOEtt«(DA*7K-h*iii:-CA***l 

ISfgtT)^— $ 7 0— »]»X-f 
[KM 4] ft**— H=»**TOBfiatB**a- 

y fc tt&ft -c $> z> z t £ wta t -r * if 3 e«o> 5 s - 

5*:7P — •J»x-f 

[tt#H 5 ] TOEffiffltti^l^ri-^ > v*0>-»*— tfX U 

- Ki^awtt^oKBRrtt-cft* z t * »« t -r «h 

3 lc|2K0)f-^ ^ P — MVPX 
Ptf>|zg^t%T, TOEfg^Ui^TK-h^iiR-r^ci: 

*w«t-r*R*a i um<D"r-$ z> p-»px*f v 

To 

*X-f ^^<D«»0)A*5K- MzSHTriA* 



a) S^EOX^j.— n^^a — ;U*<, i^^ya- 

b) HIB^StOX^'va — ya — TOE&SSO) 

£>f AXP*;/ httt*t4Xfv7i, 

c) TOEffla<Dffi^7K-h<0 5*»0)1 O^TOE^3fc(7)^ 

-r axq-v h-e<7)iSfflfflicx>rvzL— >j v^-r^cfc^rz 

f) TOE*?3fe(D$>f AXP7 hA^IHihSixT^ftl^ifi' 

TOE133E<D£'fAXPy h^MX^va-j^ 

X^y:7£ % 

g) TOE*93fcco^^AXP^ h*<, fficax^o.— 

^jx— ;UlcJ:^-CKEI^f>*iTL^*ia^^u:TOE^ffi<D 
^COL>-rtl^<Dii^|Z(i, TOEX^vol— 'J -/-fe 

h) TOEIIttLnff/i<Klc|)Htft$tiTl^«««lztt. TO 
«E»*<D**f AXP'v htEjhttffllcKftL-CTOEx-x 

(d) l:liXf«;^, 

i) TOE«ttm»3WBB»S*fC^ai^*«lci*. TOE 

*?3fccD£-f AXP-v h£fft5£3ao$<<Axa-/ hffltTO 
il£i±. WiBIL^^ytlZ'v hltXf^? (d) 

j ) TOE«*<D*-fi*XPs/ h^X^ya-i^i/ 
zl— ;nzJ:oT^^tiTtN^l^ii^lc[i % TOE^JRO)^ 
UXP<y h*»y. »E»*©*-fAXP7 hA<Ult> 
*vfrd < t^7F-rtfffl^TOEX>r^a. — 'J ^iz— 

fCAtl^XT 1 ^^^, 

k) iIBXyya-'Jy^7t-y^*a)Xyi;a- 

;^ya-;ucaitxf!y^i:, 
[R4t391 8 ] TOE«»(DA^*- h^ICtA^lfc 

i *-4R*« 7 E«©»tt. 
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iWffiS-A*)*- hX^ri;a-»J >^ v^-;UA<iJ 
^Axa^ battle, 

^va-'JV^va-^b, AX a-* 
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Hl*>#— KD3%<D 1 o(:7^-bXL«):7tt^*a) 
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fc4^x£>ftf-135feCD£-f' AXP'V Mcj3lt4Nfl<DA 
hX^rva-'J >^ Vi-;UC0Sl'JW^i««[5li]I 
l?fSlt^N x NT h»J ^XS^fiS-r^CtlCcfc-o 
SMEO^U— Al=fcl+«A*«#^*0)^L/— AT' 

-T4fl#ri1 3fBK(0X>rvzL-'J>^J4 o 

[000 1] 
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Versus Output Queuing on a Space-Division Packet S 
witch". IEEE Transactions on Communications, Voi.C 
OM-35, No. 12, pp. 1347-1356, Dec. 1987. #S8) . 
[0003] gifilcfc^T. A^^f«yf(DHOL^D 

*f (VOQ: Virtual Output Queuing) 1 o A^J^-i 
— *>y*5M<«**;hfc (Y. Tamir and G. Frazier. 
"High Performance Multi-queue Buffers for VLSI Co 
mmunication Switches", Proceedings of 15th Ann. Sym 
p. on Comp. Arch., pp. 343-354, June 1988. fccfctf. 
T. Anderson, S. Owicki, J. Saxe, C. Thacker, "High 
Speed Switch Scheduling for Local Area Networks", 
ACM Transactions on Computer Systems, pp. 319-352, 
Nov. 1993. #HB) 0 *a>#x.2fl3\ vTO&ftti 

*;h"Cl*4«fc3lc (A. Mekkittikul, N. McKeown. "A P 
ractical Scheduling Algorithm to Achieve 100% Thro 
ugh-put in Input-Queued Switches", Proceedings of 
lnfocom98, April 1998. #88) . VOQSJSbl^ 

[0004] tffcoT. VOQA^^777SX^7f(» 

iiS0)5fcA*i5fcaj*J (F I FO) A^^rJ.— 
-O^T-^^-ycDii^y /W^p^a>&£ 

-htoa^T. &^f*^Atii^^-h*fSa«-r^-i: 
[0 0 0 5] CCDcfc^^A^Vi-^lZ^-T^^CD^ 

A. Mekkittikul, N. McKeown, "A Practical Schedulin 
g Algorithm to Achieve 100% Through-put in Input-Q 
ueued Switches". Proceedings of lnfocom98, Apr i I 19 
98. #RH) 0 
[0 0 0 6] fft*u 5^»X>rya-7lt 



& N. McKeown, M. Izzard, A. Mekkittikul. 

W. Ellersick. M. Horowitz, "The Tiny Tera: A Packe 
t Switch Core", IEEE Micro, Jan/Feb 1997, pp. 26-3 
2. fc<J;l*. Y. Tamirand H-C Chi. "Symmetric Crossba 
r Arbiters for VLSI Communication Switches", IEEE 
Transactions on Parallel and Distributed Systems, 
Vol.4, No. 1, pp. 13-27, 1993. #RB) „ 

[0 0 0 7] Oil** S£*X^i-v<Z)-0]£^-r»E 
BSto3?Py^El-Cfc<5 0 l>f^^vi-7lt X^rvi 

[OOO 8] #fftX>r^iL— ^1*. /N-K^xTlCfcfL 

ho -CDiMI*. (SL I P Z.'r is — (Dm£ 

(D&Vi^o N. McKeown, M. Izzard. A. Mekkittikul, 
W. Ellersick, M. Horowitz, "The Tiny Tera: A Packet 

Switch Core", IEEE Micro, Jan/Feb 1997, pp. 26-3 
2. #88) . &£IM*. KPtf >7J^t? (Y. Tami 

r and H-C Chi, "Symmetric Crossbar Arbiters for VL 
SI Communication Switches". IEEE Transactions on P 
ara Mel and Distributed Systems, Vol.4, No. 1, pp.1 
3-27, 1993. #RS) 'no Z t tf*JMXfoZ>o 

[0 0 0 9] B2 (A) &lf (B) li. SfeMSaatf^ 

B-cfc^o 12 (A) icj3it*awija«r— *t^t^^ 

ftl£#t>fcl^P>-Cfc<5>o 02 (B) Izfclf*^:/ K 

pevT-^^^-vii-^Ksi^s^sa-r^^. %\<d 
[0010] * bicsiftiouo-c. 7^>Kpe>-y 

■J— ^r-f - (RRGS : Round-Robin Gree 

dy Scheduler);W!^£;h,*:o -4x1** > -/-tz — 
v>y (S;6L) l:l^<xyva- 7 T?$,Lj % 
7tf-h^^rva.-y >y$fe££frl\ Z<Dffi&£^<5 
> KPe>^t?^/K- hl^ifi-rtcD-efc^ OfcfchHi 
1 1 -1 7 2 5 8 4*§-£#R3) 0 * -/-fe 
-^SaUi$SS**fr^SfD^^fc^lZ. RRGSli 
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/W^-^M^ALT^So A*i7K-hl*, +» 

Klcjt^S^I^H-^^KH^fe^cfcdlc-rSo RRGS 
l*]Si$ftX>ri;a.-'J >^£|isa-f 4C<ta<T?£& 0 
[0 0 1 1] jfc-*\ -llftW^W^7^>^ya- 
7(7)T-+^^^^lCOlxTlftflJ-r4o El3f*A*l/^ 

SSfflSft^ffiS^o *fc. ffi&tiJ*l*i- (VO 

[0012] a?&fc, is^X/^«^sj:y-ttij 

H*. U*«J>^IC'*« 1 *\>tv KDaaic/^ 
4WBtLr3e«**i«. HJ*7K--h«£*«S«ELftO 

-^cDS^ftfttt^l*. XD^Kii:, £T?fti>N2 

*ftl*o 

[0 0 13] ^>SfcfltaMi*-r4fc % X>tvzl-'J> 

G b i t / sO^-O&mO 16x1 6/K— hX*f v=f* 

ftlt*U*ft&-*\ 4 2 4 tfy h<DATMtJU:SLt 4 
2ns-e&£ 0 v-y>vV^X^rya-7^fflt^ 
ftafitt, 16xl67^f7ft(i0. 16ns 
*a»T»fftoftlt*lli«j:&ftt^ N2ffl L ft l**t 

blc. #fifcX>rvzL-^l*, fflfcO^-OBtlcfc 

[0 0 1 4] BUlCfclvc, «-^PX/<A^)tK— H*. 
A^jtK— hxy vzl— ^^E vzl—;U (SM : Scheduler 
Module) £*T^-£ 0 ffl£i|4) 1 D"Cfc5SM- 

&tzthlz % SMI*. ia)HI<))SMt(0^aft4wi: 
M^H^o c^ir^y, SM/N-h^iT^p-^ii 



ffl * /K- h ^^cd j: ^ ^ x ^ jl - >j > y is« ^ ifi^t-r 
(DDi-offls^fflii. yp-/^p^9*ai:rfl)4. 

S0)yXfA^^AXP^ h (CTS : Current system 
Time Slot) Vfo&frt l^o Z 1 1 % CTS7?ft&S;fl 

■f) t£tot>1£& 0 Z*l\t % X>rya-7l^ott§ 

[0 0 15] ^-fAXP^hrtl:, fi-SMI*. T<7-tr 
XS*5fe(Dta*7K- HzBBLTS*«:3M?a)aS3e»<ftft 
tE^Sfti^o H«0)jBKt-r*SMi;5 LI* Ta'Ji; 
a>J (ffift) £±L. iHli, 4xbtif:XP7 biz 

stiyp-v^x^-yi-u >£*fc3g-r£ 
miwHifc-r4i&ji3E»<ft«. sm^ ffi^-r^Tco^ic 

■cMftLaittttftt&ttl^. -rtt^ft. sMi* % 1 ocd 
»«*■ ^ z t ffiv # * i+tttf ft & ft 

[0 0 16] SM/\-K^x7<0&££7 

tlcx^— 7^;n^lSofc^i^. n;u^^t^^K (ft 

r*o x^vi-'j^^ic^ffiffl-r-sct^artg-cfc 

<&<> -rft*7*», &SMIi, att(DXP7^W<(!:t 
NXP-/ hfttD^-fAXPy hlcBaLrX^rvj.— 'J > 

yj*s*-r«ctizft*. z<Dmm\z&v % smi*. x 

*r*/i— 'J >^*^$-r^Mlz. |^i:^^AXP7hlc 
»L-cft**LrL^ftfft<ox^yaL— y >^»3eicHLr 

m=? x -f > £ A* ^ -f N ttUKSMb-T 4iMM« 

ftl*. RRGSIiJifBO^ft. #»X^ vzl- <J :> 

r^H (*R*» X*5?i— U :/^<D»«£«iLTl* 

ho 

[0017]E|5I*. 4x4^PX^-X^7fSffl^ 
tzm^(D RRGS X^vzl— U ^(D-fiM^-f A 
^•V— hTJfe^o EI5TM*. 4i0SM1-SM4t, 

6. T7 • ■ ■ ia>n«j&<**Jk-ci*4. 

[OO 1 8] BSfCfeL^r, «ljxlW^AXP«y hT 5 
"C. S M 1 (*^ 4 AX P 7 h T 1 0 1 C?iSSfS£tT'5 tztibO) 
aj**-h0>atR (X^ya-'J^?) tSLV SM3 
IW-fAXP-; hT 9lcfelf4X^i>3.— U >^£tTO 
TL^4o tttz. ^CD^-fAXP^ hT6-CI±. S M 1 I* 

[O 0 1 9] JL1E(D<£ "5 lc# S M^X^va — 'J 
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m<0 rjSBl* (visitor) j (HP*,, 1WAXP 
[0 0 2 0] 

[^B^A<^Lcfcd<t-r*ISSi] L^L**6, RRG 

^AXP'V hill5l|]If¥(C©@ LtSilfc^^AfA' 
a K jSSElllfH** T 1 0 % T 8 . T 1 1 v T 9 • - ■ 

t ft y . B»»Wtt*4tM*ift»»3njM/d:-ffi<D«lilMJi||l 
[002 1] MriB4«||9l 1 -1 7 2 584^ 

4o 

[0 0 2 2] *fc, RRGS-Uli. SM#. */£»#K 

xl^i\mti^—b^M&^o\zmt&ts*iitzih. vo 
^¥tta>lffllM<*i:*. BKicfcur. sm# 

1 <t SM#2li#^.^>tlfclii^7H— K0)*:x— Iczsl/X 
*^hlC/<^^py/l<fty. *O)SM0Mt5*a- 
li^-Cfe^t-T^o C<7>i§-&. SM#1li* 
S^^4iE(HlJlII?lCfcL^rSM#2<DfIlC4XP^ h<7> 
?*><D3XP y h£lfrtx<&/ctf>, 4XP^h(DH3X 

h*sm#i icfcorw6*i4c:trctt4 (flUBtt 

1 1 -1 7 2 5 8 4 o 
[0023] C<Dcfc3IC % JifBCORRGSX^^zL — v 

ttL^o ±aLfc«i: : 5lCVOQ(7>l^< O^ft0)V 

OQ0>ttlBirJ:y^^r^i— U l/^*illlf 

[0 0 2 4] *ftBM0)3tf)lZs RRGSttlKS&tfMltP 
[0 0 2 5] **B^O)ffe(DgWI*. VOQ + i-^X^r 

[0 0 2 6] *^0^<D^f>|Cffi(Defl*Ili, VOQtf— fcf 



[0 0 2 7] **B^(O^CDffi<DaW(*. l^*l(DVOQ 

t fteOT v o q <d ttfig (c * -? n i: 5i^-c x ^ y a. - y 

[0 0 2 8] X^a.— 7»tHcj3l+*t o 1 0<DM» 

!»Nla)voQ(/)5*.(?)^a)voQS, x^a.— ^tf) 
-tic, ifou**— h*<5felzx^vzL-y >y$tt4 
T?fe4o ca)s«H*»*o)-w— exflji (oos> a>+f 
exu- h**y^aiipr*sicTr-5«*xju-^ 

*»Lttft<€>« ctLliS^^jS-efe^o X>r ^:£<*<7)X 
[0 0 2 9] 

til*. *'V h^-^lcfcff^— ^(07P-JWt§ 

*si»(da*j;k— hx^i?j-wi;a- ;u**f4 
Lcfca^-r^^cD^-rAxp^ h^itg-r^o x>ri; 

zl-;u^vzl-;u^, Sic. iEff*0)*-<AXP^ h 

S^T\ MIBW*CD^-r Axp^ hft<4T%iJ^£5fr£ 
Wit4. *Sb^ii^. x^r^i-;u^i?zL-;niitrt5 

[0 0 3 0] XY-;fO)X<rya-7lt «rlBW*0)* 
btf^m£tlTl\&t$5LlZy5l.h>*lXl^Z>t 
#lc. «HS»*(D*-f AXP-y hSBffi»0)*-f AXP 

[o o 3 i ] x>r ^^i*. j»faaj*i#— h^-tti^ttic 

ffli^r. fneA^?K— h^jfill-C^r— *A***i— < 
>^-T4o fc^lMi. <@*(D7tf— hlc*f-T4ffiStH^^- 
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3.— OVlt. m<Dtf—h\z$i? §fiStli^-<> 

[0032] *5gB^a)m2<D«^i^J;ti^, x-f-/^cD 
*g§aa>BJ*i*- Mc&££ dlcx>rv3.-U 

a) ix^rvi- jbivi- ;u?b<. I?r(7)X^i;a.— ;u^E 

vzL-ju^p>x^vzL— ^-tr— v^ad-r &x 

b) «tHB^xyvi-;u^va.-;^<. MTGttftcDaiAJ 
htD5*>0> 1 odT^-tzXLcfc? tTf&n&OZJ 

c) fiilE*j2fca>*-<AXP^ MCfcMt^&IIfflUX^rv 
3.-U V^^c*: atcIfftfi1t§a(7)ai^7K- h<7>?*>CD 1 

d) l5E$?*CD£f AXP*y hjWBnBWXV^i-iU^ 

e) »E»*(D*-fAXP'y h^iftE^X^ V3.-;U^E 

f ) flEM^CD^^AXP^ h*<Rlit£;KT 1*^*1 
ffiE&fcO*^ AXP*v h»X^rv2-j^v 

h> mwm&\^mm*mzMtei$frx\,^^. mun 

ti\ jaS8L77^^^-tr*v hit, X^y :7d Ic^Xt- 
j) ffflE*?*^^ AXPy h«(D^yya-^^ 

fc-tS ^tS«^ffiEX>rv3.-U y-tz-^lr 
k) ffijEX^i-'J -,-tz— yf^X^vi- 



[0 0 3 3] ^S^Art^-h^iiCTA*?-^-* 

[0 0 3 4] *^|B^(Dm3<7>tl^lrcfcttl^, *^h7 — 

<DA*7K-h£. 4SSfc<7>Ui*i7K— h t . li(JE*a8feCDfciJ*i 

S»E«!ac0A^^- ha>5%a>»jea>A*#- 

>y**Nffl<Dt(»<DA*#— hX>TV3.-'J 
>^V3.-n,£*r^£x^3.-^£, 
*U WEX>ri;a.-7li % mE«-A^7K-hX>ri;3.- 

WAXP7 hO>^3fttfc;ara$B£&<tU &A*i7K-h 
M^fclf^MSKA^tf- hX>rv>3.-'J >y^EvzL->iU 

ya-'J >y^ya-;u:Mtl)o 
[0 0 3 5] «*fe(7>A*lX^V3.— 'J V^ya- ;U£ 

**Bft*«L»**Tttr* OUT. X^v^L-'j > 
^irl^o ) N{i<D$>f AXP«y hJMit 

b-A^7 U-AtOJN W^^f AXP h^^r 
V a. - 'J ><f £ 7 C t £ ftflfc <t -T £ o 
[0 0 3 6] ±|gX^ya-'J 

a) SUSCDX^o.— ;u=E^zl™;UA<. I5<DX^ri?o.— 
^X^r^^t, 

b) ME3^SEC0X>r^3.— )ls=EV3.-)\,1)K fltTfB^i»<D 
tti^]^- h(0 5*)C0 1 OlCT^-trXL^a tTt&U&O) 
^UXP^ h^^^^^U— ArtCD^^(D^^AXP 

^ hic*^-r^x^v^<t. 

d) flE«3fe<7)^^AXP^ K7b<te<0X>rvzL— 

a. — cfc o -ckic^ ttr L^ & <t* a ^ £ ^jbs-t ^» x 

e) |tra*0)^^AXP7 hA<ffi<DX^^a-^y 
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-taxp-/ h£i*y, muw&o>$<< axp^ h/i<®it) 

IzAtl^X^y^i:, 
[0 0 3 7] ±IBX>tvzl~'J £ 

^axp'v h-ca>x>ri;a.-y >^*s»g 

[0 0 3 8] Ca)X<rv^-U>y^ili. ffiTlB 

tD?U-Art<7)&/mfc£^to$<<AXP*;y h£*t^i: 
LTMtB»t4. 

[0 0 3 9] ±BX*yi— 'J *44i6 
*Xfc»*a>*-< A*P«;/ hlCfclt^NflCOA*)?!*— hX 

u-ai= j3it*A*fl»*<*a>? u-A-eif©m**— 

[0 0 4 0] 

(Carry Over Round-robin Pipelined Scheduler s JUT 

CORPSt^5„ ) I*. PX/07^'J y^lC 

— ^a)WHjft*»jfc-r*t<D-c*4. corp si*, a 
ax*f v=*?t-jv vo<d=7<< >aafe«ktf7-f>»fl) 

a^*xy— ^eu^-r ©tai::. >^-tr-vSffiu^ 

*-r4#«T— *-r^^^A<a«*4x«. RRG 

[0041] s&ic. *«§^(Ccfc+t(^. a$p B i$4*micN 
ft-r&fc«>u:» @5fe^ h'j^x ^flgffl-r^o NxNift 

A<ii«Ieir^IllJ?S^S-r^^ h'J^X-Cfe-S,, 7h'J^ 
X<7)fTl*Si£a)7 U— A (att^WfAXP^hSd 
t;?U— A) WOXP^ h£Y >T^XttltU 7h'J 

^xa>?ijii<fcicife+i^^u— Art(0xp^ h*-f 

XWLtl^o "7 h'J ^X<Z>^*li, £0)SMft<* $1] 
-f >"r^X|CcfcoT^*tl^5te^U— AftCDXP? h£ 

rK*x^(visit)j ^<*AvS»ffir*. 

[0042] i2l7(i4 x 4S5feV h'J^X^^-TEl-Cfc 



y. Ei8i*. Ei7i^7FLfc-7 hu^xirw-ri/w ^ 

-0<b*<xfc*-f AXPy hM®Il#£flM^L-ClN£o 

yXfA(0Saa)^^A^P7 h^S7b-A(D 
!2^P«y h S M # 1 tf&ty Is — ACD3& 4 
XP*v hlcBB-f fcx^vir-y >y»3E*Lrt^*BB 
ir. SM#3(*ft7U— A<Dff 2xn<y MzH-r&xy 

[0 0 4 3] «5fe"7 hU£Xtttffl-r4CilC*yB*W] 
**«:7U---MfcS*u $-fAXPy hXI3]IIJ¥A<8lfflffl 
left*. ^U— AF 1 icfclt^^SMCDffij^lz 

u-i% Fia>jfeHT?BB»iciutt4tt. x>ri;a.-y>y 

*SJtT5^^AXP^ ha>«lHlllBJ*f*T 8->T 7->T 
6->T 5-*T 8 fcfcy. ^U— AF 1 CD^Sg-ef^^lC^ 
7t~<5<> Ctlte* (SI 6 ICtf Lfz RRGSlCjolt^^^ A 
X P -/ hiMiHF? (T10, T 8 , T1 1, T 9 • ■ 

»2fct;*]W3b<»«lcfi:« 0 NxNS5fe^h'J^7X 
l*SMO)ii«l=HLT«#<DISglia< . H-«MlCt* 

[0044] E!9li5 X 5S$t"7 h'J ^x^7n^-|gir*fc 
y. DB1 0I4, BQlc^Lfcv h'J^xicW-Tft/W ^ 
7^>^$Hfc^^A^P^ h«0MJ*£«3i*L-Cl* 
4o ^U— A1MXf*5$-f AXP*;/ hifc*Jb<, N = 
40ii^i:^filic % A^P-y hJKHllBffttaBJM'Ec 
iQirfc&o H8fcHfl|lz % :7U— AF 1 C:fclt6#S 
M0)«iftlz*a -T^i:. #SM(DX>!ri>jL— y 

a. — y >#jfcS*fT5**f AXPy ha>«|§]IIIH#*<T 1 
0->T 9->T8-*T 7-»T6-»T 1 Oirfcy. V U— A 
F 1 C0*4S"C(5]^|C^7'r^o SM<D(®»(r||LTffl« 
<DBJJi]tt <H-«»|l=rN x N@5fcV h'J <7X^m^-C 
RRGSi:JtttLrSMa>*»aot*]»3b<e 

[0045] NxNfft7h'^Xli, ««*-x-fl/* 

Kti^x^r^i-y >^^tifc7p- bizMT&mmzmm 

isitor) J (B|]*>. 1 < AXP y hfKDS M) 
rHlcatf*LfcHi*?K— h*a-5CCi:S»ltfttf. 3 y 

[0 0 4 6] JaJbO^dlC, B*F B 1fi^^U-A^bL-CS 
hy^X^ffll^/z^iW]*^T•5-t[r c *:y % SM01 
*lc|HLr«»fl>E»lft<$t-f AXP-y haSIJIHff^tt 
MW«:*a>i:3{py* SM0)j8»atf«aiA<»JB(c«:*. 

[0 0 4 7] Mfc, *38W-Cli. ^IfeT-^r^r^^-v^ 
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fettle m$&L (^'J-*- /<) C 

Ota*)**- htf&l^toSftTl^XP*;/ hJK^t 

telLJ;^LfcXD'V hrf^&fclCNXPy h 
#tztt*<Dtf— h<DX>rvzL-g i/iftttTtMl-ytt-r <t 

[0 0 4 8] SI1 1 I*. «»(0X^vj. — ^ 

sM<Dr«i-ccDJ!®ssLi«)ffs^]^-r^ift^Ei-efc4o mm 

£*<-c£& 0 J^iffiLi&^iz^or^ff^H^xp^ h 
I*. nyva> (CA) £<B&^£fctolclfc£;h,£XP 

M*. AT?-T^<T<DSM|Cj:y|lt;iftBa 

a. *t*;b%±«-cN3ffl<DXPy hs^t^r^prfig 

[0049] S/X^A^y^EUKaRftfrtaB-r**:* 
frlfcSM^ aB3'J53>S(Bftt4fc«)i:»6h 

ifc-T £ J: o \z l*<£ffl $ titt i * , 
[0 0 5 0] SMa^ &*i/=t|*— h p \Z 

£ LTSMalZ^-DT^iKl^tlfcXP^ hjmxtt 
& 0 XP-vhmn <l£n<x) (Div^tl*. PlCtf— 
h pfCO^Tf*SMa iC^oTftJffl^nT (Hilt. 

*>y> fctt*. *or. c<7>Pfijh«ffiii. **&*ifc 

XP-/ M=BB-r*tt»0)=i y va >3&<«Jh*H4^t * 
[005 1 ] C O R P S y a - 'J >^7;i/^ 'J XA 

Mir— £ K — X(COl*"CBfcB/J 7^U=f'jXi* 
[0052] #t;i/XPy ^x-T Vl*(7>fc&SM 

^ Hi^S8t4o sy^-b-vl*. fc^f:>M<DN 



^r^a-'J^^SS (schedu I ing element. lUTSEi: 
[0053] B1 2 I*. S* y-fe— v(07t- V-/ h£ 

^■TEI"Cfc^o HHHU:tel*T. s>t -v-tz— v<D^X<ri? 
i— y >?SXS El*. #^8#W(TT L : Time To Liv 
eh ^AXO^ hID (T S I : Time Slot ID) . S 
M- I D. &tfaj*J7tf— h ID (OP I : Output Port 
ID) J^&tt«o 

• fMK«HB(TT L)l*. ai*SE**rtLfcSM|C«ko 

■ 5i-f AXP'V hID (TS I ) I*. aS0)TS ($r-f 
-CCDXP-/ hSfci: LT36«**l4. X^t^zl— y >sr* 

■ SM- I Dl*. X>rv3.— y LfcA^ITK- 

• fcti^?K— hiD (op i ) i*. x^r^o.— y 

*U*7|*— hCO I D-C&^ 0 

[0 0 5 4] XP*> KMMUCU &SMI4$t^T-r^>SM 
^bS> ^-b— 5?t»(rr*. C*ll*. ©f&<DN<ICDX 
P^M:Wltb*ifcSE£§t; 0 &»=>H>£SMI*. £Y 
KSfcy fcAWSJEni lsla)X>!rvzL— y 

Mp(*jaiTa)rte**-r*SrLt%s E«ftja-r* 0 

[0 0 5 5] • T T L = N 

■ ts i =BtaE(7)xp-/ h^&»s?s*ifc*-f' axd^ 

h*-CCD (fhStt) XP^ h(D<S!6ftm 
• SM- I D=p 

■OPI=^AXP^h (CTS+m) {Zteti&si'r 
v hA<A^J7K- h p^^tH^Tff- h q J: a 

[0 0 5 6] X^vzL-y >yft3eiZ36%^t)6-r % «s 

W0)ffi(Ot^Tfl)S E(DT T L 'J ^ > h L, TT 

[o o 5 7] S-SMI*. (N + i) Nfll(D{im£#it;y 

t'JTH'SCjtt^ ^*0(7)Nffl<7)(iSl4. <7PX 

7^-feX£;M#6o JKffilCl^iltf. SMI*. C(7)1«$a^ 
«»-T«l&KI4ftt^ 0 J»y<0N2«CDttBI*. *J3|E(DX 

[0 0 5 8] Eli aiZTF-Tcfcaic, \>xto>?<<— ;u 



(10) »Si200 1 -7 8 2 2 



• ^A7P'> hID: SC7U^^>f^Xtfc 

3.-;uiz J: oTfItt3Fti^^n-/^U^ □ km®-? 

[00 5 9] ■ Hit (Blockage) : C+vliSMA^^v 
(DS^JSStSo c<D^-f — KfciiN{@£-c<Dx> 
[0 0 6 0] -^^(Reservations) : Ztiit^-Xh>ti 

B^fAxn^ Mctt^x^^-u^y^s^&ss 

-f£ 0 CORPSIt SE^AXPyh (CTS) IC*f 

MI=*3fcyBI--C*-6Z4:*flHE-r*. ftoT, ^PX 
/^vi-JUt filOSM (CTS) j^i=>, -tr;UD3i 

[0061] cqrps7^i-u r/^T;uzfg 
r;u=rgXAictt^ 0 corpsici*. 4-*.t>*ifcSM 

^^(Dffl^JTK- h*X>rva-'J >^ L <fc 5 t f £AMC 

Qic-y— ex-r^H^o/Ku ic^^o eh 4iico 

RP SX^yi — 'J >^T;U=TM XA^tf-T^P— ^-^ 
— s-efc^p UTF. $X^7tf^X 1 0 1-11 Olco 

[0 0 6 2] 5fc"#\ ^X^101 iCfclxT, WSM^ 

t>s* vb-yssfli, &sei:»ltttl mat 

BrrH) S^^'J^Vh-TSo MIC. #*&;|lfcSEI=» 
LTTT L>OCDfS£lCl*. TS 1 (^^AXP7hI 
D) £T^'jy>hL. TS I ICfclf^^^'JTU^S 
CSMSfr-r^o T T L = 0(Z)i§^lCli % f(DSESS^ 
— y^bR^t^o *fc, *t'J- (CARRY) 
77ySCARRY=FALSE|:'J-t^hf-S ($X 
<7 1 0 9#fi8) 0 
[0 0 6 3] JSl^-C. ^X^102 (RfTXP^ h<Df+ 

*<D^^AXP7K (FT S : Future Time Slot) 

-t<7)-7 h'J^XI*. FTS=f (CTS, S M I 

D) <DB<DM%Hf ICX>zj-K*H5So 

[0 0 6 4] JglC, SM^ftmfC^Oai^^- h (O 
PIS) SAyva-'JV^L^aiht^^SiSm 

(^^103: fcb^Ttf- hCDStR) 0 fcfc. 



SoI^tt^fcSo CORPS|j;C(DXh7Ty^}iSL 
[0065] |ftl*"C\ SC (FTS) (0 ^ ftl X > h 1 J CD 

5*>-c, S M — I d^:ox^vi-ij X/£H*T-f 3 

sMiz^Li^tcD^fes^if ^a^mic^x s 

X h) O 

[0066] SM- I DA<COX>rvi- U 

£§Sfr^£SM£^fc&£:i=>|£ ({1^10 4CDN 
O) s Hlc. SC (FTS) (7)E§ihx> HJ<D5*>-C. 

0 P I (tH^D/K— h I D) x^vi — 'J 
"CL^-Sfcb^i/K — HOP I Slc^L^tO*<fe£^i: 

X7^7t^ (£X^ 10 5: e#i*piJh*4xri^* 

fr(DT* h) o 

[0 0 6 7] g#Mfiit£;ftTl*££:£>[;£ (*X^ 1 0 
5<7>YES) . S/ ^-fe — v**(0SM|C;fi-r ($X^ 

1 0 6) 0 

[0 0 6 8] e#A<BJt*ftTl*ai*tt&tt (£X<7 1 
05C0NO) % SC (FTS) CD^JftX V h 'J (7> 5 
^ OPI (fcb^J/K — h I D) X^j-'J^J 
H^-Cl^SUi^^— hop I S\zmLl*&<Dtffo&fri: 
a^^^x^^^TS (^^107 : ^(DXP*;/ H*El 

[0 0 6 9] f(0XP */ h4<tt6*iTL^ftl^»fi'lCtt 
(^X^107(DNO) , SC (FTS) |C % |S(7)S 
M-IDjtLOPI^OPI Slc3£Ll^&JX> KU 
£ffr«L. TTL = N. TSI=FTSt?. SM-ID 
fig BCD I DlC^fL < . OPI=OPlS-C&<5>SE£ 
<*fiM"4 (^X^108:XP^ h £$*<&) o *<D&^ 
^X^106 (Sp< ^-tr-v<DSlt;fiL) 'Mtt;,, 
[0 0 7 0] C(DXP-/ h£ e#Jb<ffi*LTl>£Ja£ 
WX^104(OYES) fc£lM*-£CDXP-/ hj(><BEIC 

K^tiri^ii^ (£x-> 1 o 7 cd y e s ) rcii. mm 

CARRY = TRUE/FALSESfi7^t-5, C 
ARRY = TRU E(Dti^lC(i, SC (FTS) CDRfiih 

?<< — ;ukic. OP I =OP 1 SCDX> h'J*^/aL. 

-5--5"C^L^*i^[CliCARR Y = TRU ElC-fe^ hi, 
MIC, FTS = FTS + N|C-tr-/ h"TS (^X^ 1 0 
9 : SS48L) o 

[007 1] £X^1 0 9lCj:y!faJ8Lffilff3b<^tT^H 

«ji^r®±l±^x^^*<tT^HS (^x^i i 

0) o fiP*>, FTS li. CTS^t>2N2 < fcya<|c|S8 
tiri*^^^L^e (FTS — CTS) >2N2-Cfc^ii 
£ (£X^7 1 1 OCDNOK) % X^ — y — v^tbL 
rfli^^^^t-So FTS-CTS) ^2N2<D*g^lC 
I* (^X^7 1 1 OCDOK) % ^X^710 4aI§ 0 

[0072] CORPS7;i/^'jXAJffl^|)Ci:-eJa 
TCDipJ^^i:^,, /\*^P^C7>fc£VOQ[i. 
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^dtlifcl^o voq q *<sm plz£oTatR**i<&<t 

SMpA<ESih^+fCl>-5>itli. q*<BElzx 

&Z>t?iu£s ®£tt^x^£ii£*a^-cfc6A<. c 
olffc^ofcCt^mRfc-f £ 0 1 OCDP 'J i>B >\z&\f>\ 

[007 3] HCttJ**— SqSilUlL-CX^-i/jL— U 
^^Lcfcd t-r^mflOA^l^— h (SM) (Dt'VhJ 
Mtf^o £iolZ, A t (D£^ AXP*;/ h(7)RillzaJ*i7K 
-hql:*tltSMi C<);oTXVva- U 
XP7 h(D{@3&£njP (At) tti. X^r^zL— 5 
I*. ffiKttttlMA t SI/ i . j eMfZ^LT. 

I n jP (At) — n (At) | 

T?fc£i§-&. m-^xT (m-4>¥) -<?&&<!:^5o 1ft 

»-r*ii*. SMI*. ^(Di^ftosMcfcy 4>ffnzNfia> 

[007 4] CORPSE m-^2|l (1< m ^N) T? 
W6tlfcXD^ h t s|Cfcl%-caj*>7tf— hqlC 

£fcl^t>-0fc<5> (El 1 40>£;O 1 O 5) e w*lbO> 

mi(DSM^p^ h t slzfci\-cffljt*Jh/Cl*ttl** 

ts + nN ( 1 < n ^ i ) <DM{ZmflG>ffi» X P ? 

Tffcy. L^t, Z;K£<DSM(4C;K£(7)XP-/ HZfcf 

(*tft(t*ltf-t4l6li t sIZfclvCHjtStl-Cl**) 
^>bT?&S 0 C(DC<tl*. i :7 b— A£lf*JlZ. 

*<DSM>!)<^H-rtLqlcMLTX>ri;3.-U >?Sft£ 

l/-Afl)Naa)l«t6XP'> Hz»LT«S6L«H\ 
L^t. #=i 'J > (ffift) l*SMrtlc3fc<D i 7 L/ 

SMI4, tti^/K— K qlC^LT^O i 7ls—J±lZ±ttV 

N^P7hWI>Ci:l:<i:|, 0 z:<D<fc?|z, 3'J^ 3 
N*ny h«fcy£l*«a****SM*«t?C£ttT** 



[0075] *aa>a»*«*»i**o>-efc* 0 **t 

^P?0^VOQlt ffeCDSMCD*fPE-r-& VOQ<7)Hr 
lzNfl<fcy K$*-e^*ti4ci:lt3S:iN 

■r^r a>«*-r * s mzmmzmwKD^m % mz> ^t\z 

[0 0 7 6] $t>\Z s ■ ^SCOtti* 

— (IB 1 4<Z)$X£ 1 0 8) D 

[007 7] CORPS7- ^T^^-VlZ-Dl^Tl^ O 

is, aiSTK-hTisiftttyTifftcttwtt-e**. - 

(DfiSfigl*. SMAb y 5 3 xcfeyjai^wasic^ttt L 
fc^y-Cfcft3b<. *.ct^<!:*0^n^hi:fc^t, S 

LfcSMJb^Tf^ttSWyTlffcJ**. Hta'JSaV 

<D»tti«*»fcL&A<&. T?**pay*«atiO)"efc 

[007 8] CORPSE tt»0>^U— AlCt>fcy/« 
^r*V hX^-ya-'J ><?££lf 4 - t (Z <fc o r®?g$<W 

£o zotz&b. — flt h^^-r ^^cotitrcoR p sco 
[0 0 7 9] h^7-< ^*ft«lz»-T4/^r'V h affile 

[0 0 8 0] (i) -« h^^^ ^^5IJ#iaS. *J«fctf 
(i i) ^SMlI^^^V^VOQ^a-a^ (H 
1 4(7)^X^7 1 0 3) o 
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ft p T? k ->r iSfllctt o x $> £ * 4 A * tf— h lz ?i| 
h£5(D$4*St3? L l x i ) o $-3t, ^-y^ hV 

[008 2] voos«i^iai>r. 4^bnfcSM0a 

a«**t4 (fitt i i ) o Sot, ffSOVOQCJtL 

fc£o JUT, ChipalkattiSf ( "Protocols for Optical 
Star-Coupler Network using WDM, " IEEE Journalon S 
elected Areas in Communications, Vol. 11, NO. 4. M 
ay 1993) \z$tot. t^-COVOQWffl$^pT?fc 
1 0<DSMl::fcl*T#]ft£;H&£T?&lWOQ 
<Z>ffl»l±1 + (N-1) pl^ot^Xbh^o 
[0 0 8 3] c*£lc, qirSfSlcPa-r453iJO){t^*^ 

[0 0 8 4] r = p q = p /N 
[0 0 8 5] Q mn <D*S*lM*iaTa>J:3l=^JMb-f 

*—* p/N(D^f5J»*lc^^ 0 *B/^';Hfc SM 
WKSftfcSL El 1 1 o 5I=«-3T. x^v 

"C<D»«ttMl*, /<7^-^s = q (1-Pb) COSS-PT 
|5]--efc40-C. ±f*#S*m*»£7rcfc*<T?#& 0 



d ) 



[0 0 8 6] B1 51*. Q mn *o.— f >^yXfA|:ffl 
li^fGeo (p/N)/Geo ( s ) / 1 ^a- Izjm 
corps£3rt& e Cftl*, CORPS^'jya^JW 

4 o 

[0 0 8 7] CORPSJIItS/^7 h<D#Jf*iI3I 
f*. Geo (p/N) /Geo (s) / 1 |Z»-r<&JBIfa 
iI5£<b:, <D cor ps> fcO>ftlc<fc otW *=>*l 

4 (M. J. Karol, M. 6. Hluchyj. S. P. Morgan, "Inp 
ut Versus Output Queuing ona Space-Division Packet 

Switch", IEEE Transactions on Communications, Vo 
I.COM-35, No. 12. pp. 1347-1356, Dec. 1987, #R8) 0 

t?aisLTL^4^«iffl[ii, wmm**:<px <> 

Vm/vX&&LXl^&i<Dbm-XfoZ>) o 
[0 0 8 8] 

[»1 ] 



D = 



pS(S-l) 



2N 



+ S + A 



corps 



(2) 



l+(JV + l)(l-r)"- 



tztcL. SI*. Geo (s) SfM#*<Da**»T»fc 
4o <D cor ps> OtHUcot^-CKM-r*. 

[0 0 8 9] Q mn *<»K*ihfc (jfeffl/^^ h*<G e o 
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